Since Nef is enriched in DRM [8], we examined if it membranes (DRM), are microdomains in the plasma membrane enriched in sphingolipids and could target the budding of HIV to lipid rafts in CD4-negative cells and render progeny virions more infectious.
lecular weight forms reflects the site of virion assembly. Importantly, with the mutant ⌬Nef and ⌬MyrNef viruses, these Gag proteins were not as enriched in DRM ( Figure  1c , middle and right lower panels). We also quantified Gag proteins by p24Gag capture ELISA. p24Gag was up to 4-fold more enriched in DRM than in the plasma membrane fraction for the wild-type virus (Figure 1d , compare bars 2 and 3). Given that DRM only represent a small portion of the plasma membrane, this distribution represents a significant enrichment of Gag in lipid rafts. As observed in Figure 1d , indicated by white and striped bars, Gag was distributed almost equally between the plasma membrane and DRM in the two mutant viruses. These results suggest that Nef helps to target the viral assembly and budding to lipid rafts.
To confirm this observation, we examined whether the presence of Nef influences the amount of GM1 on viral envelopes. HIV particles were captured by cholera toxin B, which is a specific ligand for GM1, and normalized by p24Gag ELISA. Indeed, the wild-type virus contained much more GM1 than the mutant ⌬MyrNef and ⌬Nef viruses (Figure 1e , compare slopes with white squares to those with white circles and white diamonds). Importantly, amounts of Env were equivalent on these different virions (data not shown). Thus, Nef also increases the lipid content of progeny virions.
To address the consequence of this targeting to lipid rafts and lipid composition of virions, we first used biochemical approaches to determine how cholesterol affects viral inNef directs the budding of HIV to lipid rafts. (a) Isolation of lipid rafts. 293T cells were separated into cytosol , C; plasma membrane, PM; fectivity in a single round of replication [13] . HIV was [14] . Since the serum in the in g/ml. They were normalized to concentrations of protein in these medium is the only source of extracellular cholesterol, we 2b, compare black bars 2, 3, and 4 to 1). In sharp contrast, the infectivity of the mutant ⌬Nef virus was not affected by the reduction of cellular cholesterol (Figure 2b , compare all white bars). Importantly, the presence of Nef had membrane and cytosol (Figure 1c, left lower panel) . Moreover, since the processing of the Gag polyprotein occurs only a marginal effect on virion infectivity at low levels of cholesterol (Figure 2b , compare black bar 4 to any during viral budding, the abundance of these higher mo- Figures 2a,b) . We conclude that cells are permissive for viral replication, provided that the human cyclin T1 is coexpressed with the provirus [19] . Nef enhances virion infectivity only in the presence of adequate levels of intracellular cholesterol.
white bar). This reduction in infectivity correlated directly These cells provided a genetic system for the function of lipid rafts in HIV infection. Unlike mouse cells, CHO with the incomplete depletion of cholesterol (compare black bars 4 and 1 in
Therefore, HIV particles could be produced from these cells, and their infectivity could be determined. As presented in Figure 3d , black bar 4, under conditions in For a more complete depletion of cholesterol, we used a genetic system in which the synthesis of endogenous which lipid rafts were disrupted, Nef did not increase virion infectivity. Between CHO-K1 cells cultured in FCS cholesterol is blocked (compare Figures 2a and 3a) . The mutant CHO (Chinese hamster ovary) cell line and CHO-215 cells cultured in LPPS, the infectivity enhancement dropped from 5-fold to slightly over 1-fold, [17] cannot synthesize C27 and C28 sterols and depends on exogenous cholesterol for survival [18] . Levels of total respectively (Figure 3d , compare black and white bars 1 to black and white bars 4). At the lowest levels of cholescellular cholesterol were measured in the wild-type CHO-K1 and mutant CHO-215 cells that were cultured under terol, the wild-type virus resembled the ⌬Nef virus (Figure 3d , compare black bar 4 to white bar 4). Importantly, different conditions. The highest and lowest levels of cholesterol were observed when both exogenous and enthe virion infectivity of ⌬Nef viruses did not vary with the depletion of cholesterol. In sharp contrast, effects of dogenous pathways were active (Figure 3a , CHO-K1 cells, bar 1) and blocked (Figure 3a , CHO-215 cells, bar 4), Nef were reduced in direct proportion to the reduced levels of cholesterol. The endogenous cholesterol again respectively. Because methods for the detection of cellular cholesterol do not distinguish between the free and played a more important role than the exogenous cholesterol (Figure 3d , compare black bar 2 with black bar 3). esterified cholesterol, we also determined levels of free cholesterol in DRM. Only free cholesterol is found in the These results indicate that the ability of Nef to enhance HIV infectivity is dependent on lipid rafts. plasma membrane and lipid rafts, and it was reduced equivalently (Figure 3b , compare bar 1 to bar 4). Next, we used GM1 as the marker for DRM. With both assays, In summary, our study demonstrates that Nef increases virion infectivity in a manner that depends on cholesterol lipid rafts were disrupted when most of the cholesterol was removed (Figure 3c , compare bar 1 to bar 4). Although and GM1 in lipid rafts. This effect is a consequence of its targeting of viral budding to lipid rafts. Most likely, both endogenous and exogenous cholesterol could restore lipid rafts, the endogenous cholesterol played a more imNef participates directly in the formation of the budding scaffold. Nef not only multimerizes, binds to the plasma portant role in the restoration of these cells (Figure 3c , compare bar 2 to bar 3). The same results were obtained membrane [20] and localizes to lipid rafts [8] , but also interacts with viral structural subunits and is thus recruited using caveolin as another marker for lipid rafts (data not shown). Together, these data indicate that the formation into virions [20, 21] . Its association with and activation of the phosphoinosytol-3-kinase (T. Linnemann et al., of lipid rafts is inhibited when cholesterol is removed in CHO-215 cells.
submitted), the guanine nucleotide exchange factor Vav, Figure 3 and signaling, this viral accessory protein could also influence the metabolism of cholesterol. In light of this report and previous studies [25, 26] , it is intriguing to speculate that some future manipulation of intracellular cholesterol could make HIV less infectious in the host.
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structures contain abundant polymerized actin, which 7492.
could aggregate and trap lipid rafts. As a consequence, transcription. Given the roles of Nef in cellular trafficking
